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CP violation in rare leptonic B decays are analyzed in the standard model (SM) and models beyond SM
(supersymmetric models and two Higgs doublet models).
1. INTRODUCTION
The FCNC process B0d,s → l+l− has been
shown in recent years to be a powerful process to
shed light on new physics beyond SM [1,2,3,4,5]
especially for SUSY models which may enhance
the decay amplitude by tan3 β [1,6,2,3], provided
that tanβ is large (say, ≥ 20). It became more in-
teresting recently after the Brookhaven National
Laboratory (BNL) reported the 2σ excess of the
muon anomalous magnetic moment aµ = (g −
2)µ/2 over its SM value: ∆aµ ≡ aexpµ − aSMµ =
2 × 10−9 at a 2σ level [7]. SUSY models with
large tanβ (say, ≥ 10 ) are favored by this ex-
cess. It was shown for mSUGRA in [4] that with
a good fit to (g−2)µ 1 the branching ratio (Br) of
B0d,s → l+l− can be enhanced by 100 times and
within good reach at Tevatron Run II.
Besides Br, is there CP violation in the decays
which can be observed? In this talk I shall discuss
the subject.
CP violation in the b-system has been es-
tablished from measurements of time-dependent
asymmetries in B → J/ΨK decays [8,9]. We shall
show that to observe the CP asymmetry in the B
decays to a pair of muons or taus is a good way
to search for new physics. Direct CP violation is
absent and no T-odd projections can be defined
in the decays. However, there is CP violation in-
duced by B0 − B¯0 mixing in the process
B0 → B¯0 → f vs. B¯0 → B0 → f¯ .
1The analysis in ref.[4] was based on the old data, ∆aµ ≡
a
exp
µ − a
SM
µ = (43 ± 16) × 10
−10.
One can define the CP violating observable as
ACP =
D
S
,
D =
∫
∞
0
dt
∑
i=1,2
Γ(B0phys(t)→ fi)
−
∫
∞
0
dt
∑
i=1,2
Γ(B¯0phys(t)→ f¯i),
S =
∫
∞
0
dt
∑
i=1,2
Γ(B0phys(t)→ fi)
+
∫
∞
0
dt
∑
i=1,2
Γ(B¯0phys(t)→ f¯i) (1)
where f1,2 = l
+
L,Rl
−
L,R with lL(R) being the helic-
ity eigenstate of eigenvalue −1(+1), f¯i is the CP
conjugated state of fi.
In SM, one has
q
p
= − M
∗
12
|M12| = −
λ∗t
λt
, (2)
where λt = VtbV
∗
td or VtbV
∗
ts, up to the correction
smaller than or equal to order of 10−2, it is
ACP = − 2Im(ξ)Xq
(1 + |ξ|2)(1 +X2q )
, q = d, s, (3)
where Xq =
∆mq
Γ (q = d, s for B
0
d and B
0
s ),
ξ =
CQ1
√
1− 4mˆ2l + (CQ2 + 2mˆlC10)
C∗Q1
√
1− 4mˆ2l − (C∗Q2 + 2mˆlC∗10)
. (4)
In eq. (4) mˆl = ml/mB0 . In SM C10 is real,
CQ2 = 0, and CQ1 is negligibly small. There-
fore, there is no CP violation in SM. If one in-
cludes the correction of order of 10−2 to | q
p
| = 1,
2one will have CP violation of order of 10−3 which
is unobservably small. It should be pointed out
that there is no hadronic uncertainty since the
common uncertain decay constant, which is the
only source of hadronic uncertainty for the pro-
cess, cancells out in eq. (4). Because CQi ’s are
proportional to ml and C10 is independent of ml
it follows from eq. (4) that CP asymmetry in
Bd,s → l+l− is independent of the mass of the
lepton, i. e., it is the same for l = electron, muon
and tau, when one assumes
√
1− 4mˆ2l ≃ 1 which
is of a good approximation for electron and muon.
In MSSM we can still use eq. (3) in the ap-
proximation, eq. (2), which is a good approxi-
mation in MSSM if one limits himself to the re-
gions with large tanβ ( say, larger than 10 but
smaller than 60 ), not too light charged Higgs
boson ( say, larger than 250 Gev ), and heavy
sparticles, and in the scenarios of the minimal fla-
vor violation (MFV)2 without new CP violating
phases there is no correction to eq. (2) [10,11]. In
MFV models with new CP violating phases, e.g.,
in the CMSSM with nonuniversal gaugino masses
which we consider in this talk, a rough estimate
gives that the correction to the SM value of q/p
is below 20% in the parameter space we used in
calculations [16].
¿From eq. (4), we need to calculate the Wilson
coefficients CQi (i=1,2) and C10 in models be-
yond SM in order to compute the CP asymmetry.
We shall consider the CP spontaneously broken
2HDM [12] and the CMSSM with nonuniversal
gaugino masses [13]. Compared with mSUGRA
with CP violating phases (the phase of the Hig-
gsino mass parameter µ and the phase of A), in
the CMSSM with nonuniversal gaugino masses
there are two more real parameters (say, |M1|
and |M3|, where M1 and M3 are gaugino masses
corresponding to U(1) and SU(3) respectively)
and two more independent phases arising from
complex gaugino masses, which make the can-
cellations among various SUSY contributions to
EDMs easier than in mSUGRA with CP violating
phases and relatively large values of the phase
of µ are allowed [17]. The Wilson coefficients
2MFV means the models in which the CKM matrix re-
mains the unique source of flavor violation.
CQi (i=1,2) and C10 in 2HDM have been calcu-
lated respectively in ref.[14,12] and ref.[15]. In
CMSSM they have also been calculated and can
be found in refs. [1,2,3]3. We show the leading
terms of relevant Wilson coefficients in the large
tanβ case in CMSSM in the following.
C10(mW ) =
m2ℓ
m2W
tan2 β
√
xχ−
j
xχ−
i
U∗j2Ui2
fD0(xχ−
i
, xχ−
j
, xu˜k , xν˜l) + ... (5)
CQ1 (mW ) =
− tan3 β mbmℓ
4 sin2 θwmWλt
2∑
i=1
6∑
k=1
Ui2T
km
ULKmb
{−
√
2V ∗i1(TULK)ks + V
∗
i2
(TURm˜uK)ks
mW sinβ
}
rhH
√
xχ−
i
fB0
(
xχ−
i
, xu˜k
)
+O(tan2 β), (6)
CQ2 (mW ) =
tan3 β
mbmℓ
4 sin2 θwmWλt
2∑
i=1
6∑
k=1
Ui2T
km
ULKmb
{−
√
2V ∗i1(TULK)ks + V
∗
i2
(TURm˜uK)ks
mW sinβ
}
rA
√
xχ−
i
fB0
(
xχ−
i
, xu˜k
)
+O(tan2 β), (7)
where U and V are matrices which diagonalize
the mass matrix of charginos, TUi (i=L, R) is the
matrix which diagonalizes the mass matrix of the
scalar up-type quarks and K is the CKM matrix.
The tan3 β enhancement of CQi (i=1,2) was
first shown in ref. [1] and confirmed later in
refs. [6,2,3]. The chargino-chargino box diagram
gives a contribution proportional to tan2 β to C10.
Numerically, C10 is enhanced in CMSSM at most
by about 10% compared with SM.
3Note that the explicit expressions of the Wilson coeffi-
cients CQi ’s are the same in SUSY models with and with-
out CP violating phases. In the SUSY models with CP
violating phases the coefficients become complex since the
new CP violating phases enter into squark and chargino
mass matrices [16].
3In a 2HDM with CP violating phases and
CMSSM with nonuniversal gaugino masses the
CP asymmetries depend on the parameters of
models and can be as large as 40% for B0d and
3% for B0s , while the constraints from EDMs of
electron and neutron are satisfied [16].
The correlations between (g − 2)µ and CP
asymmetries in B0d,s → l+l− and b→ sγ in SUSY
models with nonuniversal gaugino masses have
been calculated in ref. [16], imposing the con-
straints from the branching ratio of B → Xsγ (it
leads to the correlation between Ceff7 and CQi in
SUSY models) and EDMs of electron and neu-
tron, and the results are
—-with a good fit to the muon g − 2 constraint,
the CP asymmetry can be as large as 25% (15%)
for B0d → τ+τ− (B0d → µ+µ−) in CMSSM with
nonuniversal gaugino masses and MFV scenarios
of MSSM.
—-If tau events identified with 6% tagging error,
one can measure ACP to a 3σ level at Tevatron
Run II with Br(Bd → τ+τ−) enhanced by a fac-
tor of about 30 compared to that of SM.
—-A scenario in which new physics only increases
the Br a little and the Br is still in the uncertain
region of the SM prediction. The CP asymme-
try for B0d → l+l− in the scenario can still reach
20% allowed by the muon g-2 constraint within
2σ deviations. So it is powerful to shed light on
physics beyond SM while the CP asymmetry of
b → sγ in this case can only reach 2% at most
which is too small to draw a definite conclusion
on new physics effects at B factories.
In summary, an observation of CP asymme-
try in the decays B0q → l+l−(q = d, s, l = µ, τ)
would unambiguously signal the existence of new
physics.
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